Ca2+ binding to calbindin D9k strongly affects backbone dynamics: measurements of exchange rates of individual amide protons using 1H NMR.
One- and two-dimensional 1H NMR have been used to study the backbone dynamics in Ca2(+)-free (apo) and Ca2(+)-loaded (Ca2) calbindin D9k at pH 7.5 and 25 degrees C. Hydrogen exchange rates of all 71 backbone amide protons (NH's) have been measured for the Ca2 form by both a direct exchange-out experiment and another experiment that measures the transfer of saturation from water protons to amide protons. A large number of NH's are found to be highly protected against exchange with solvent protons. The results for the Ca2 form are related to solvent accessibility and hydrogen bonding obtained in molecular dynamics simulations of calcium-loaded calbindin. The correlation with these parameters is strong within the N-terminal half of calbindin, which is found to be more stable than the C-terminal half. The amide proton exchange in the apo form is much faster than in the Ca2 form and was studied in a series of experiments in which the exchange was quenched after different times by Ca2+ addition. This experiment is applicable to all amide hydrogens that exchange slowly in the Ca2 form. For these NH's the effects of Ca2+ removal span from a 10(2)-fold decrease to a 10(5)-fold increase of the exchange rate, and the average is a 220-fold increase. The effects on individual NH exchange rates show that the four alpha-helices are almost intact after calcium removal and that the changes in dynamics involve not only the Ca2(+)-binding region. Hydrogen bonds involving backbone NH's in the Ca2+ loops appear to be broken or weakened when calbindin releases Ca2+, whereas the beta-sheet between the Ca2+ loops is found to be present in both the Ca2 and apo forms. Large Ca2(+)-induced effects on NH exchange rates were measured for a few residues at alpha-helix ends far from the two Ca2(+)-binding sites. This may be the result of a change in interhelix angles (or the rate of interhelix angle fluctuations) on calcium binding.